The interaction of stem cells with their specialized microenvironment or "niche" is critical for their maintenance over long periods. Indeed, it is well established that the niche regulates stem cell-specific properties including self-renewal, multipotentiality, and quiescence. In the hematopoietic system maintaining hematopoiesis throughout life requires balancing the self-renewal and differentiation of pluripotent hematopoietic stem cells (HSCs) in the bone marrow. According to recent studies, the niche for long-term repopulating HSCs in the bone marrow consists of two parts: the endosteal surface (the osteoblast niche) and a sinusoidal endothelium (the vascular niche). New work by Fleming et al. (2008) in mice suggests that Wnt signaling in the bone marrow niche helps to maintain the HSC pool throughout life.
Recently, the key signaling molecule Wnt has been implicated in the selfrenewal capabilities of HSCs. The Wnt protein binds to a receptor complex consisting of a member of the Frizzled family of seven transmembrane proteins and the LDL receptor-related proteins LRP5 or LRP6 (Clevers, 2006) . In the canonical Wnt pathway, receptor activation leads to stabilization of β-catenin, which accumulates and translocates to the nucleus where it activates target gene expression in concert with transcription factors such as Tcf and Lef. Fleming et al. (2008) now further analyze the role of Wnt signaling on HSC activity, including its effects on cell-cycle quiescence and the capacity of HSCs to reconstitute the hematpoietic system of recipient mice (whose bone marrow has been ablated by radiation). In contrast to previous studies that genetically manipulated the HSCs themselves, Fleming et al. analyzed the effects of blocking Wnt signaling in the mouse bone marrow microenvironment by overexpression of dickkopf1 (Dkk1), an antagonist of Wnt/ β-catenin signaling. Dkk1 is a soluble secreted protein that interacts with the Wnt coreceptors LRP5 and LRP6 (Kawano and Kypta, 2003) . It is known that the number of osteoblasts directly affects the number of long-term repopulating HSCs (Calvi et al., 2003; Zhang et al., 2003) . In the new study, transgenic mice expressed Dkk1 in the osteoblastic lineage under the control of a 2.3 kb fragment of the collagen 1α promoter. The overexpression of Dkk1 reduced activation of the Tcf/Lef transcription factors in HSCs in a non-cell-autonomous manner. The transgenic mice showed no significant alteration in the proportion of HSCs and common lymphoid progenitor cells under steady-state conditions. Although HSCs from the Dkk1 transgenic mice could reconstitute the hematopoietic system of irradiated recipient mice, they lost their reconstituting capacity after repeated bone marrow transplantation, indicating that the inhibition of Wnt signaling in the niche results in the premature loss of self-renewal activity. Interestingly, wild-type HSCs also showed a drastic reduction in hematopoietic reconstitution activity of the hematopoietic system in Dkk1 transgenic recipient mice. HSCs undergo extensive proliferation after bone marrow transplantation; Wnt/ β-catenin signaling may play a Wnt Signaling in the Niche
There is much interest in understanding the signals in the bone marrow niche that keep hematopoietic stem cells (HSCs) in a quiescent state. In the current issue of Cell Stem Cell, Fleming et al. (2008) report that blocking Wnt signaling in the niche increases the number of proliferating HSCs and reduces their ability to reconstitute the hematopoietic system of irradiated recipient mice. These findings show that Wnt/β-catenin activity is crucial for the maintenance of HSC quiescence in the bone marrow niche.
crucial role in the maintenance of selfrenewal activity especially in the expansion phase of bone marrow reconstitution. Given that quiescence is critical for sustaining self-renewal activity, the reduction of long-term reconstituting activity of HSCs from mice overexpressing Dkk1 in the bone marrow niche indicates that a microenvironment lacking Wnt signaling cannot maintain HSCs in a quiescent state. Indeed, Fleming et al. demonstrate that long-term HSCs from the Dkk1 transgenic mice are specifically depleted of cells in the quiescent G 0 phase of the cell cycle. In addition, the long-term repopulating HSCs from these mice showed increased incorporation of bromodeoxyuridine and increased sensitivity to 5-fluorouracil compared to HSCs from wild-type mice. Also consistent with an increase in cell-cycle activation in mice overexpressing Dkk1, long-term repopulating HSCs displayed decreased expression of the cyclin-dependent kinase inhibitor p21Cip1. These observations indicate that niche-dependent Wnt signaling at the endosteal surface is crucial for the maintenance of HSC quiescence (Figure 1) .
The conditional inactivation of β-catenin did not affect the number of HSCs, although HSCs lacking β-catenin display reduced capacity to reconstitute the bone marrow of irradiated recipient mice. Although the activation of the Wnt/β-catenin pathway is thought to increase HSC self-renewal (Reya et al., 2003) , excessive activation of β-catenin reduces cell-cycle quiescence and blocks the differentiation of HSCs resulting in HSC exhaustion (Scheller et al., 2006; Kirstetter et al., 2006) . In the hair follicle, quiescent stem cells remain in the bulge region and proliferative stem cells are located in the hair matrix. There is increased expression of Wnt inhibitors such as Dkk3, secreted frizzled-related protein 1 (Sfrp1), and disabled homolog 2 (Dab2) in the bulge region of the hair follicle. Moreover, melanocyte stem cells themselves show increased expression of Wnt inhibitors such as Wnt inhibitory factor 1 (Wif1), Sfrp1, Dab2, and Dkk4, suggesting that inhibition of Wnt signaling is likely to promote stem cell quiescence (Nishikawa and Osawa, 2007) . Hence, in multiple tissues, the maintenance of stem cells appears to require the tight regulation of Wnt/β-catenin signaling.
Another feature of this work relates to the skeletal system, given that the Wnt signaling pathway is important for the growth and differentiation of osteoblasts and acts in several developmental processes. Mutations that inactivate LRP5 cause osteoporosis-pseudoglioma syndrome, and mice lacking LRP5 have osteopenia with diminished osteoblast proliferation (Westendorf et al., 2004) .
Thus, Wnt signaling is involved in bone formation in a paracrine and autocrine fashion. Indeed, Fleming et al. note that the Dkk1 transgenic mice showed a 20% reduction in trabecular bone and displayed alterations in bone architecture. It will be interesting to clarify whether there are any changes in the number and spatial distribution of osteoblasts and longterm repopulating HSCs in the Dkk1 transgenic mice. Future work should investigate the orientation of HSCs relative to their bone marrow niche cells and whether cell polarity is also important, as has been shown for Drosophila germ stem cells.
Investigating the molecular mechanisms that tune Wnt/β-catenin activity in long-term repopulating HSCs is a central challenge for understanding how the balance between self-renewal and quiescence is preserved. Elucidating these mechanisms and developing strategies to manipulate them will be imperative for realizing therapeutic goals such as cell-based therapy and corrective gene therapy. In the osteoblast niche of hematopoietic stem cells (HSCs), Wnt ligand produced by osteoblasts plays multiple roles in the maintenance of HSC function and quiescence. Inhibition of Wnt signaling by the overexpression of Dkk1 in osteoblasts reduces the nuclear function of β-catenin in HSCs and drives them into the cell cycle. Conversely, excessive activation of β-catenin reduces cell-cycle quiescence and blocks the differentiation of HSCs resulting in HSC exhaustion. Therefore, fine-tuned modulation of Wnt/β-catenin signaling intensity is required for the proper control of HSC quiescence. Wnt signaling is also important for the growth and differentiation of osteoblasts. Indeed, overexpression of Dkk1 decreases the amount of trabecular bone, leading to a reduction in niche size that may negatively impact HSC quiescence.
